Abstract. This paper proposes a novel control system for control of a hybrid wind/photovoltaic (PV) farm utilization with alternative power source for DC type loads. A controller consisting of six different loop controllers is mainly used to regulate the DC-DC converter to reduce a weighted total sum of all loop errors, to mainly track a given speed reference trajectory depicting the demand for discharge or flow and also to ensure power quality, reliability and stability. The proposed control function is digitally simulated using the MATLAB/Simulink/ SimPower System software environment. The dynamic performance of the hybrid system is examined for the control system validation under normal and abnormal operating conditions.
Introduction
World population has increased and the world has needed more electrical energy depending on this rise. The products quantities that use up electricity have grown rapidly. Fossil fuels have been excessively consumed and the reserves have been rapidly depleted much faster than new ones are being formed for decade year [1] . It seems that conventional energy sources such as hydroelectric power, fossil fuels, and nuclear power will not provide coming generations demands. Due to the national and global issues of air pollution, grid reliability, dependence on foreign oil, climate change, renewable energy resources like solar, wind, micro-hydro, geo-thermal, wind, wave, bio-mass and i.e. are growing in importance. There are many studies about renewable energy source search, utilization and development and thought renewable energy technologies as environmentally sustainable and convenient alternatives.
The cost of generating electricity from the photovoltaic system has already been reduced and a photovoltaic electricity generation system cost may be close to the one of conventional (non-renewable) fossil fuel energies [2] . On the other hand, the solar varies over time and is dependent on environmental conditions (temperature, irradiance, etc.). That combining a photovoltaic generation system with a wind energy conversion system will reduce the zero-power intervals is suggested since sunny days are usually quiet and strong winds are frequently occurred at cloudy days or at nighttimes [3] . Hence, hybrid systems have the potential to arrange undesired conditions. A hybrid power system (HPS) is an electric power system that includes more than one type of energy conversion systems. There are different types of HPS, which imply different combinations of renewable energy systems (RESs), non-renewable energy systems and storage systems (battery, flywheel, hydrogen/fuel-cell, hydropower etc.) can be used to constitute HPSs [4] [5] [6] . HPSs can provide the required power for the connected loads with suitable control and effective coordination between various subsystems. The advantages of nonrenewable and renewable power conversion systems are seen in HPSs. Renewable energy sources provide autonomy from fossil fuel and also fuel prices indirectly and a sustainable power supply future. Non-renewable energy sources are independent from environmental conditions (temperature, irradiance, wind velocity, etc.). The power utilization system safety and reliability can be strengthened to use non-renewable energy sources when the renewable energy sources in situations of deficient environmental circumstances.
To achieve a hybrid renewable energy generation system, the system should be appropriately designed with taking into consideration economic, reliability, and environmental measures subject to physical and operational constraints/strategies [7, 8] . When sizing a hybrid renewable power system, the types and sizes of wind turbine generator, PV panel sizes and the energy storage capacity should be optimized via using proper methods [9] . Numerous large-scale and cost-effective Wind and/or PV commercial and industrial energy utilization have different applications in water pumping, air-conditioning lighting, telecommunications, refrigeration, household-based appliances (TV, blenders, swamp coolers), etc.
The paper is organized as follows. Section 2 defines the configuration and the employed models of the proposed hybrid system. Section 3 presents the wind/photovoltaicgrid interface dc energy utilization controller structure. Section 4 analyzes simulated results of three operation conditions of the proposed hybrid system. Specific conclusions are evaluated in Section 5.
Proposed Hybrid System Configuration
The proposed hybrid power generation system configuration is shown in Figure 1 . The proposed system composed of PV farms, wind turbine generator, alternative power source, AC/DC converters, a four quadrant PWM controlled chopper type DC-DC converter, controller and DC loads. In the system, DC loads are feed by the dc voltage which is obtained by the PV farm, wind turbine and also alternative power source. Since a solar is abundant, free, environment-friendly and non-regional, a solar energy is more attractive than prior decade. The solar energy is converted into the electrical energy via a photovoltaic cell combined with each other by parallel and series to get bigger electrical energy. Due to the fact that solar and wind energy source is intermittent and quite variable, longitude, latitude, weather and limited daytime should be considered in acquiring electrical energy from PV system and wind turbine system and also it is possible that power fluctuations can be observed since photovoltaic and wind power source is highly dependent on the weather conditions. The different energy systems (other renewable, non-renewable and also storage energy systems) can be combined with the Wind/PV to increase the efficiency. In the near future using hybrid systems for electricity generation may have more profitable in parallel with the technological advances.
A. DC Motor
DC motors are usually preferable due to their reliability, durability, low costs, voltage characteristics, positive convention coefficients between electrical and mechanical parts, sizing and design flexibility. The differential equations into state space form for the armature current and angular velocity can be written as
The load torque is given by
The nonlinear inertia J and viscous friction B have the following variable non-linear forms:
B. Photovoltaic Farm System
The PV power has many advantages like a short lead time to design and install, high energy density, no noise and CO 2 emission, long life time, highly mobile and portable, minimal maintenance requirement [10, 11] . Every PV array consists of many solar cells. A solar cell consisting of a p-n junction formed by semiconductor converts energy into electrical energy directly. The light energy generates an electron-hole pair during sunlight falls on a solar cell. The electron-hole pair is diverged with the hole towards the p-region and the electrons drifting towards the n-region by the electric field made in the junction and a voltage is generated at the output [12] . There are two most common used models of PV cell, one diode equivalent five parameters and four parameters circuit mode [13] . In this application, four parameters, which are functions of solar irradiance, load current and temperature, circuit model is realized. The arranged equivalent circuit model is shown in Figure 3 [14, 15] . 
C. Wind Turbine Energy Conversion System
The wind energy was used to sail ships for the first time and then grind grains and pump water. Later on, at the beginning of the 1900s, the windmill was installed to generate electricity in the rural area [10] . At present, wind energy is extensively used in either stand-alone applications or grid-connected electric generation systems.
In the case of a grid-connected system there is a connection between the renewable system and the local electricity network. The system can be used to provide part of the urgent needed electricity or export electrical energy to the networks when the local need is low. Renewable energy systems must provide high quality power, guarantee safe interaction with the grid, and be protected from abnormal operating conditions to combine properly with utility grid [4, 16] . Stand-alone system is independent of the local electricity network and also often used in areas without local electricity distribution net. In many applications, wind energy systems are combined with the other renewable energy systems like a photovoltaic, tidal, fuel cell, micro hydro, etc [17] . Wind farms are constituted via that many wind turbines are generally positioned near each others. A stand-alone wind conversion system scheme is consisted of wind turbine, gear box and electrical generator. Different types of electrical machines used for electrical power generation, i.e. squirrel cage induction generator, wound rotor (known as doubly-fed) induction generator (DFIG), permanent magnet synchronous generator [18] . In this study, a self excited induction generator is used. The electrical generator rotor consisting of two or more blades generates kinetic energy by wind blowing and the wind turbine captures this energy. The turbine is mounted on tall tower to enhance the energy capture.
D. Battery
A battery storing energy in the electrochemical form is widely used device for energy storage in the many applications such as electric vehicle and renewable energy systems. By the reason of an intermittent feature of solar and wind, the renewable energy systems need the energy storage to feed the loads without undesirable disturbances and to ensure stability, power quality and reliability [19] . There are many types of rechargeable batteries used in variable applications such as lead-acid (Pb-acid), nickel-cadmium (NiCd), nickel-metal hydride (NiMH), lithium-ion (Li-ion), lithium-polymer (Li-poly) and zinc-air [20] . During the battery design for the renewable energy system, the following system requirements should be taken in consideration [20] [21] : Voltage and current; Charge and discharge rates and duration; Operating temperature during charge and discharge; Life in number of charge and discharge cycles; Cost, size, and weight constraints.
E. Alternative Power Source
The alternative power source is used to help support the system when the Wind/PV farm hybrid renewable energy system power is not enough to provide energy through the DC loads.
Controller Structure
The proposed controller scheme is shown in Figure 4 Controller B error ( ).The tri-loop error is multiplied by a weight factor ( K ).
The summation of the tri-loop errors (Controller A, Controller B) forms a global error. The global error goes into fuzzy logic controller (FLC) block. FLC, which is designed to eliminate the need for continuous operator attention and used automatically to adjust some variables the process variable is kept at the reference value. The main fuzzy reasoning blocks and the defuzzification process of the FLC used in this study are given in Figure  5 . The FLC used here is developed in Matlab/Simulink environment for multi purpose use as a control tool. With some simple modifications it can be used to control different systems. More detailed information about the Matlab/Simulink modeling of the FLC used here can be found in [22, 23] . One of the speed reference in time increases linearly and reaches the 400 rad/s at the end of the first 0.5 seconds, and then the reference speed remains speed constant during 1.0 seconds. At 1.5th second, the reference speed decreases with same slope as at the first 0.5 seconds. After 2.0 second, the load speed changes the direction and load motor increases its speed through the reverse direction. At 2.5th second, the reference speed reaches the -400 rad/s and remains this speed at the end of 3.5th second and then the reference speed decreases and becomes zero at fourth second. This reference speed waveform is named as Type I and the concerning simulation results are shown in Figure 7 -12 in this study.
Conclusion
The paper presents a digital model and validation study of a green renewable Wind/PV-powered Farm with DC type motorized loads using novel controller. In the hybrid power generation system, different power systems are connected the systems together and complement one another to serve the load to fulfill certain economic, environmental, and reliability criteria. The control strategy is based on source-load matching that is fully suitable for hybrid wind/photovoltaic farm with alternative interface connection to the local electric grid. After the signal is processed in the block, the FLC output signal goes into PWM block and the block generates four pulses. The pulses are fed to the four quadrant DC-DC chopper. The loads voltage is controlled by adjusting the switching functions for the chopper switches. Then an obtained voltage V m is used as a motor input voltage. The weight factors and FLC constants values are given in Appendix. The proposed system was digitally simulated by using the MATLAB/Simulink/SimPower software and is shown in Figure 6 .
The dynamic controller scheme is mainly used to regulate the DC-DC converter and also to control power flow from power sources to reduce a weighted total sum of all loop errors and to mainly track a given speed reference trajectory depicting the demand for discharge or flow.
The real inherent nonlinearity of motor and mechanical load inertia, viscous friction as well as any load torque excursions are all modelled as nonlinear functions of the motor speed. The proposed novel control scheme has been validated for both effective and good dynamical speed reference trajectory tracking with enhanced power/energy utilization.
Simulation Results
To validate the multi-loop Fuzzy Logic Dynamic Control scheme, three different speed reference trajectories for the PMDC motorized loads were tested. A is the area swept by the blades R is the radius of the rotor blades Rotor moment of inertia constants J 0 =14.44*10 -3 , J 1 =62.6*10 -6 , J 2 =1.06*10 -6
